A population-based case-control study of non-Hodgkin lymphoma was conducted in the San Francisco Bay Area of California from 1988 to 1995. The study used Working Formulation histologic subtypes of non-Hodgkin lymphoma. Diffuse and immunoblastic large-cell lymphomas and all follicular lymphomas were combined to reflect two Revised European-American Lymphoma (REAL) classifications. Results were obtained from age-and sex-adjusted polytomous multivariable logistic models for 1,304 cases and 2,402 controls who were negative for human immunodeficiency virus. Statistically significant odds ratios for REAL large-cell lymphoma were decreased for receipt of five or more different vaccines (odds ratio (OR) = 0.65), use of calcium channel blockers (OR = 0.35), mononucleosis (OR = 0.55), plant allergies (OR = 0.72), and animal allergies (OR = 0.40). Odds ratios for REAL follicular lymphoma were decreased for use of nonsteroidal antiinflammatory drugs (OR = 0.67), hepatitis (OR = 0.36), and having had three or more bee or wasp stings (OR = 0.79) and were increased for heart disease (OR = 1.5). Similar elevated odds ratios for heart disease and Bacillus Calmette-Guérin vaccine and decreased odds ratios for nonsteroidal antiinflammatory drugs, plant allergies, and three or more bee or wasp stings were found for small lymphocytic lymphoma. These data provide direction for further investigation of immune function and genetic characteristics of subtypes of non-Hodgkin lymphoma in lymphomagenesis and warrant analyses in large pooled data sets.
Incidence rates for non-Hodgkin lymphoma (NHL) have increased since at least the 1930s (1, 2) . Data from the Surveillance, Epidemiology, and End Results Program show that incidence rates for NHL increased at 4 percent per year for men and 3 percent per year for women from the early 1970s to 1990 for all racial groups combined, although data collected during the 1990s indicated that these increases may be diminishing for some groups (3, 4) . Similar increases in age-adjusted NHL incidence and mortality rates have occurred worldwide, and while some of the increase has been attributed to infection with human immunodeficiency virus (HIV), most of it remains unexplained (5) . Fewer risk factors have been identified by histologic subtype, and these studies have usually used subtype classifications developed prior to the newer Revised European-American Lymphoma (REAL) and World Health Organization subtype classifications.
Acquired and autoimmune conditions comprise the majority of established risk factors for all NHL subtypes combined. Autoimmune diseases that occur early in life do not appear to be associated with risk of NHL, whereas both exogenous (viral) and endogenous (autoantigens) conditions that result in sustained antigen drive are related to lymphomagenesis (6) . These conclusions are consistent with studies showing that risk factors for lymphoproliferative disorders vary for early and late posttransplant disease among persons who have received immunosuppressive medications to prevent organ rejection (7, 8) . Epidemiologic investigations also have reported increased risk of NHL with other types of severe immune suppression, including those associated with HIV infection (9), Sjögren's syndrome (10), and several rare genetic syndromes (11) and with Epstein-Barr virus and human T-cell lymphotropic virus type I in regions where these viruses are endemic (12, 13) .
It is plausible that other immunity-altering factors, including medical history factors, may play a role in risk of NHL. Results from analyses of all types of NHL and subtypes of NHL have shown inconsistent associations with history of allergies (14) (15) (16) . Elevated risks of low-grade lymphoma have been reported for hepatitis C virus infection (17) , diabetes mellitus, use of diabetes drugs, and other cancers (18) . High-grade lymphomas have been associated with antihistamine use and eczema. Gastric maltomas have been associated with Helicobacter pylori infection (19) and peptic ulcers (20) , whereas B-cell chronic lymphocytic leukemia/lymphoma and high-grade extranodal lymphomas have been associated with blood transfusions (21) , although overall blood transfusions do not appear to play a role (22) .
We conducted a population-based case-control study of NHL in the San Francisco Bay Area of California between 1988 and 1995 to determine risk factors for all types of NHL combined and histologic subtypes of NHL. Results have been reported for HIV-related NHL (23) (24) (25) and non-HIVrelated NHL (15, 22, (26) (27) (28) (29) . Evidence of fundamental differences by NHL histologic subtype has come from molecular studies that reported different genetic mutations by specific histologic subtype (30, 31) and clinical studies that reported differences in prognosis and response to treatment by subtype (32) . Motivated in part by these data and earlier data, we hypothesized that some risk factors would vary by histologic subtype. We report here the associations for exposures related to medical history by histologic subtype, especially exposures that were important in our earlier analyses of all NHL, including decreased risks associated with allergies to plants, an increased number of bee and wasp stings, vaccine history, use of nonsteroidal antiinflammatory drugs (NSAIDs), and use of cholesterol-lowering drugs and increased risk associated with histamine-2 receptor antagonists (15, 24) . These preliminary data may provide information for generating hypotheses about the etiology of NHL, as well as directions for future investigations.
MATERIALS AND METHODS

Study population
Rapid case ascertainment by the Northern California Cancer Center was used to identify NHL patients. Details have been published elsewhere (15, 24) . Briefly, 593 patients (21 percent) died before they could be contacted, 275 (10 percent) were too ill for interview, 78 (3 percent) had physician-reported medical contraindications, 182 (6 percent) refused, 74 (3 percent) could not be located, and 17 (<1 percent) were unavailable for other reasons. HIV-positive patients and a smaller number of persons over 55 years of age with high-grade NHL comprised the majority of nonparticipating cases (27) . A total of 1,593 NHL patients completed in-person interviews after human subjects approval and provision of informed consent. A total of 1,304 HIV-negative patients were included in these analyses. Random digit dialing (33) (34) (35) was used to identify control subjects. Random sampling of Health Care Financing Administration files was used for participants aged ≥65 years. Controls were frequency-matched to patients by age (within 5 years), sex, and county of residence (24) . A total of 2,515 (78 percent) eligible control participants completed interviews, and 2,402 HIV-negative persons were included in these analyses.
Histologic subtype and grade were provided by the diagnosing pathologists, with additional review for 97 percent of all cases being conducted by Dr. Ronald F. Dorfman at Stanford University, who provided grade and subtype classification using the Working Formulation (36) . If inadequate material was available for review, patients were classified as having NHL not otherwise specified. Since this study was conducted, the REAL and World Health Organization classifications for NHL subtypes have been implemented. Therefore, NHL follicular subtypes were combined into one category and the diffuse large-cell and immunoblastic largecell subtypes were combined into another group to reflect the REAL classification (37-39) (hereafter called REAL follicular lymphoma and REAL large-cell lymphoma). The other Working Formulation subtypes were not regrouped because we had no immunohistochemistry results.
Statistical analysis
Statistical analyses were conducted using SAS software, version 8 (SAS Institute, Inc., Cary, North Carolina). Diseases and conditions (most of them physician-diagnosed) and use of medications were reported for events that had occurred more than 1 year prior to diagnosis (for cases) or interview (for controls). Reported medications had to have been used for 4 or more consecutive weeks. Medical history information included age at first and last use or at occurrence and number of years of use or number of episodes. Questions on the use of some medications were asked independently of questions about indications for use. Questions about drugs used to control epilepsy, seizures, gout, ulcers, weight, high blood cholesterol, or high blood pressure, antihistamines used for allergies, and cancer chemotherapy drugs were asked in conjunction with questions on the condition of interest. Information about drugs regularly received by injection alone was collected separately from information on oral and inhalation use.
The year in which participants received their hepatitis vaccinations was used to create categories for persons who were likely to have received only gamma globulin (before 1982) and persons who could have received either gamma globulin or hepatitis B vaccine (1982 or later). A dichotomous variable was created to represent the total lifetime number (<5 or ≥5) of different vaccines received, with diphtheria-pertussis-tetanus counted as one vaccine (15, 24) . To evaluate possible exposure to poliomyelitis vaccine contaminated with simian virus 40, participants who had received polio vaccine between 1955 and 1963 were analyzed separately. A dichotomous variable, grouped according to the distribution among controls, was created to evaluate the total number of different self-reported major bacterial and viral infections.
Estimates of relative risk were computed as odds ratios and associated 95 percent confidence intervals using sexand age-adjusted polytomous analyses. Risk factors were first evaluated independently. Based on results from the initial analyses, stepwise procedures were used to develop age-and sex-adjusted parsimonious polytomous models for small lymphocytic (REAL lymphoplasmacytic and lymphoplasmacytoid), REAL follicular, diffuse small cleaved-cell (REAL mantle-cell and marginal zone), diffuse mixed-cell (multiple REAL subtypes), and REAL large-cell lymphomas. Selection criteria for model variables were a p value less than or equal to 0.20 and the existence of five or more exposed patients. The inclusion criterion for model variables was a p value less than or equal to 0.10. Potential confounding factors were included if they altered risk estimates by more than 10 percent. All statistical tests were twosided. Results for fewer than four NHL cases in a cell are not presented in the text, although some results are provided in the tables. Results for lymphoblastic and Burkitt's group lymphoma are not presented because of sparse data.
RESULTS
As in other industrialized western nations, follicular and diffuse large-cell lymphomas comprised the majority of NHL cases among these HIV-negative patients (table 1) . Proportions were similar by sex, with the exception of a greater proportion of Burkitt's-like lymphoma in men.
Vaccinations
Most immunizations against infectious diseases were associated with a reduced risk of lymphoma, and associations varied by subtype (table 2). Bacillus Calmette-Guérin (BCG) vaccine was associated with increased risks for all subtypes, although many of the risk estimates were imprecise. Similar to results for all types of NHL (21), having received five or more vaccines was associated with a reduced risk of most subtypes.
Over-the-counter and prescription medications
Based on a priori hypotheses, questions on the use of many medications were asked directly and in association with specific diseases or conditions (table 3). The estimates based on more than three exposed cases were relatively consistent, with the exception of use of noninsulin medications for diabetes. More than two thirds of persons with adult-onset diabetes used noninsulin medications. Adjustment for body mass index as a measure of obesity, a risk factor for adultonset diabetes, did not modify the observed effects with use of noninsulin diabetes medication. Risk estimates by subtype were elevated for users of cimetidine and another histamine- 2 receptor antagonist, whereas decreased risk estimates were observed for cholesterol-lowering drugs. Use of calcium channel blockers and beta-blockers was reported separately from use of these drugs for high blood pressure by persons who used them for purposes other than control of high blood pressure. Unlike the nonsignificant, slightly elevated risks for high blood pressure drugs, beta-blockers were associated with a larger increased risk of REAL follicular lymphoma and calcium channel blockers were associated with a decreased risk of REAL large-cell lymphoma. Use of steroids, antihistamines, and allergy and asthma drugs tended to show decreased risks despite various routes of administration. Use of NSAIDs showed a pattern of decreased risk, in contrast to the elevated risk for parenteral pain and antiarthritis drugs that included gold and other miscellaneous treatments.
Diseases and conditions that occurred 5 or more years prior to diagnosis
Results were grouped under three broad categories: infectious diseases, chronic diseases, and allergies (table 4). Relatively consistently decreased risk estimates were found for REAL large-cell lymphoma in association with history of infectious diseases. There also were decreased risk estimates for REAL follicular lymphoma associated with history of hepatitis and infectious mononucleosis. Elevated risk estimates for low-grade lymphomas classified as small lymphocytic and REAL follicular were apparent for heart disease and ulcers. Risk estimates for the intermediate to high-grade lymphomas tended to be near unity or below unity, with the exception of increased risks with diabetes mellitus (diffuse mixed) and endocrine gland disorders (REAL large-cell). Risk estimates below unity were evident for three subtypes associated with previous cancers and for REAL large-cell lymphomas associated with blood disorders. Decreased estimated risks were observed for allergies and allergic conditions by subtype, with the exception of hives and childhood eczema.
Multivariable models
In multivariable analyses, BCG vaccine was associated with increased risk of two subtypes, whereas diphtheriapertussis-tetanus, hepatitis, and measles vaccines were each associated with reduced risk (table 5). Having had five or (36) .
† The referent group for each vaccine comprised participants who reported never having received that specific vaccine. ‡ REAL, Revised European-American Lymphoma; FSC, follicular small cleaved-cell; FM, follicular mixed small cleaved and diffuse-cell; FL, follicular large-cell; DL, diffuse large-cell; IBL, immunoblastic large-cell; OR, odds ratio; CI, confidence interval.
§ Age-and sex-adjusted odds ratios from polytomous models for human immunodeficiency virus-negative women and men combined. Empty cells indicate that estimates were not computed because there were no exposed participants or only one exposed participant in that cell.
¶ The referent group for poliomyelitis analyses was those not immunized against poliomyelitis. Persons immunized in 1963 or earlier were more likely to have been exposed to vaccine contaminated with simian virus 40.
# Hepatitis vaccines received prior to 1982 were immunoglobulin vaccines. ** Diphtheria-pertussis-tetanus was counted as one vaccine. more different vaccinations was associated with decreased risk of REAL large-cell lymphoma. Among medications, NSAID use was associated with a reduced risk, whereas use of cimetidine and another histamine-2 receptor antagonist was associated with a substantially increased risk. Use of noninsulin medications for diabetes mellitus was associated with a nearly threefold increased risk of one subtype and a 70 percent decreased risk of another. Beta-blockers were associated with REAL follicular lymphoma; calcium channel blockers and sulfonamides and other antibacterial agents were associated with REAL large-cell lymphoma. Heart disease was the only disease associated with an increased risk of more than one subtype. Other diseases and conditions were uniquely associated with risk of different subtypes. Childhood eczema was associated with an increased risk of REAL large-cell lymphoma. Allergies and total number of bee or wasp stings were associated with reduced risk of two subtypes.
DISCUSSION
These results support a role for personal medical history in the etiology of NHL subtypes beyond the established immunosuppressive diseases and conditions (9) (10) (11) . The medical history factors we investigated have the potential to modify immune system function, and these factors may vary by NHL subtype.
Our results were based on self-reported medical history, not medical records. Using medical records to collect information does not guarantee that the estimated prevalence of a condition is more reliable than that based on self-report (40) . Only information that pertains to diseases and conditions that require medical attention in a hospital or a physician's office is likely to be recorded in a medical record. Medical records are likely to be incomplete for minor conditions, for conditions with no medical visit or a visit that occurred in the distant past, and for persons who have received care from multiple facilities. Therefore, in-person interviews provide a better estimate of the prevalence of many medical conditions † REAL, Revised European-American Lymphoma; FSC, follicular small cleaved-cell; FM, follicular mixed small cleaved and diffuse-cell; FL, follicular large-cell; DL, diffuse large-cell; IBL, immunoblastic large-cell; OR, odds ratio; CI, confidence interval.
‡ Age-and sex-adjusted odds ratios from polytomous models for human immunodeficiency virus-negative women and men combined. Empty cells indicate that estimates were not computed because there were no exposed participants or only one exposed participant in that cell.
§ Cimetidine and another histamine-2 receptor antagonist. ¶ High blood pressure drugs included diuretics, reserpine, beta-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, methyldopa, guanfacine, guanabenz, prazosin, and hydralazine.
# Calcium channel blockers and beta-blockers were reported under other drugs taken and were not reported when participants were asked about drugs used to control high blood pressure.
** Excludes steroids received by injection only (among all users, 72% were oral and 16% were creams in the general population. Finally, unless the condition was known by the patient to be associated with his or her lymphoma, recall of medical history would not be expected to differ between cases and controls. Information on the reason for use of some medications was not obtained, which limited our ability to evaluate the internal consistency and validity of data pertaining to medication use and diseases. Given the number of exposures investigated, it also is probable that some of the observed associations were due to chance. Small sample sizes limited the power to detect an association with exposures of interest among less common histologic subtypes. A large portion of the nonparticipating patients were HIV-positive and therefore would not have an impact on these results, but patients over 55 years of age with high-grade NHL, although few in number, were less likely to have been interviewed (27) . Immunoblastic (36) . † REAL, Revised European-American Lymphoma; FSC, follicular small cleaved-cell; FM, follicular mixed small cleaved and diffuse-cell; FL, follicular large-cell; DL, diffuse large-cell; IBL, immunoblastic large-cell; OR, odds ratio; CI, confidence interval.
§ Viral infections included measles, mumps, chickenpox, rubella, hepatitis, shingles, poliomyelitis, infectious mononucleosis, herpes, genital herpes, and genital warts.
¶ Bacterial infections included scarlet fever, rheumatic fever, pertussis, tuberculosis, pneumonia, tooth abscess, gonorrhea, syphilis, and miscellaneous other bacterial infections.
# A total of 107 cases and 211 control participants reported other cancers, including nonmelanoma skin cancer, melanoma, breast cancer, reproductive cancer, colon cancer, thyroid cancer, and multiple types. Skin and breast cancers comprised approximately 70% of reported other cancers. ** Grass, trees, pollen, ragweed, hay fever, seasonal allergies, etc. lymphomas were the most likely to have been underrepresented, and we combined these for all analyses to create the REAL large-cell category. Despite the loss of these cases, the proportion of high-grade Working Formulation cases by subtype in our population reflected that reported for other developed western populations (41) . The role of immunologic challenges in the development of immune-related disease as explained by the "hygiene hypothesis" (42) and the "Th1/Th2 paradigm" (43) may help to clarify the etiology of NHL, although neither theory is sufficient to completely describe immune function in our results. Both purport that a shift in the balance of T helper type 1 (Th1) cells to T helper type 2 (Th2) cells associated with environmental exposures may explain the changed incidence of some immune-related diseases. The hygiene hypothesis suggests that the decrease in early childhood infections has altered the balance from Th1 cells to Th2 cells, resulting in exaggerated immune reactions to antigens (43) (44) (45) (46) that are characteristic of allergies and asthma.
Vaccines
There was a consistent pattern of decreased risk of NHL by subtype associated with vaccine history, except for BCG vaccine. Elevated risk of NHL associated with receipt of BCG vaccine has been reported previously (47) and is somewhat supported by results from studies evaluating cancer incidence after BCG vaccination (48, 49) . Most participants † Developed by the Non-Hodgkin's Lymphoma Classification Project (36) . ‡ REAL, Revised European-American Lymphoma; FSC, follicular small cleaved-cell; FM, follicular mixed small cleaved and diffuse-cell; FL, follicular large-cell; DL, diffuse large-cell; IBL, immunoblastic large-cell; OR, odds ratio; CI, confidence interval.
§ Diphtheria-pertussis-tetanus was counted as one vaccine. ¶ Cimetidine and another histamine-2 receptor antagonist. # Sulfonamides and other antibacterial agents. ** Grass, trees, pollen, ragweed, hay fever, seasonal allergies, etc. (52, 53) . Other vaccines have been associated with decreased risk of all NHL: injectable polio vaccine in women, cholera vaccine in men, and yellow fever vaccine in both women and men (15, 54) . We found no epidemiologic data that pertained to vaccine history and risk of NHL by histologic subtype in a Medline search of articles published in English. The vaccines were a mix of live attenuated virus, killed inactivated virus, toxoids, and gamma globulin. Age at first immunization was not available for many common childhood vaccines; therefore, possible effects associated with age at immunization and with changes in the vaccine could not be evaluated (e.g., measles vaccine contained killed virus between 1963 and 1967 and live virus starting in 1968). Most vaccines function to produce active immunity (Th1-dominant), with an antibody response similar to that generated by actual infection. The strength of the response is dependent on vaccine type, which explains why some vaccines require booster shots. Immune systems primed with vaccines to eradicate a variety of foreign invaders imply the proper functioning of B-and T-cell immune responses. This may partly explain the reduced risk of several subtypes of lymphoma and also may promote Th1 responses thought to be protective against cancer (55) . However, a cohesive picture of the immunologic role vaccines may play in the development of some NHL subtypes is unknown.
Medications
Similar to our results, medications have been associated with reduced risk of other cancers, such as the reduced risk of colon cancer provided by NSAIDs (56-59), but little comparative epidemiologic information has been published about medications and risk of NHL by subtype. A casecontrol study conducted in Yorkshire, United Kingdom (437 cases and 724 controls), that compared risk factors for lowand high-grade NHL reported an increased risk of low-grade NHL associated with use of diabetes medications and an increased risk of high-grade NHL associated with use of steroids and antihistamines (18) . We found no association by subtype with use of steroids and a nonsignificant reduced risk for antihistamine use. Nearly 91 percent of participants who reported antihistamine use and 41 percent of nonusers also reported a history of nonmedication allergies. When results were adjusted for allergy history, the reduced risks associated with antihistamine use were no longer apparent for REAL large-cell lymphoma and approached unity for small lymphocytic lymphoma. This fits with our original hypothesis that antihistamines would not be protective themselves but would be a measure of allergy severity and that persons with more symptoms would use antihistamines.
The nearly threefold risk of diffuse mixed-cell lymphoma among users of noninsulin diabetes medication was consistent with the threefold risk estimate associated with adultonset diabetes. In contrast, use of noninsulin medications was associated with a 70 percent decreased risk of REAL follicular lymphoma, but diabetes was not independently associated with this NHL subtype.
Other medications of interest were likely to have been prescribed for conditions that can result in chronic inflammation. Among these other medications, cimetidine has been investigated as a possible carcinogen and has been determined by the International Agency for Research on Cancer to be "unclassifiable as to carcinogenicity to humans" (60) . Cimetidine and other histamine-2 receptor antagonists have immunomodulatory effects (61, 62) , with cimetidine having the most pronounced effects of all of these drugs (63) . Use of cimetidine alone by participants with ulcers was not a risk factor for NHL, whereas use of cimetidine and another histamine-2 receptor antagonist was associated with 2-to 4.5-fold increased risks of two subtypes. Users of these medications may have had undiagnosed H. pylori-related ulcers that required an antibiotic regimen. Untreated symptomatic H. pylori infection has been associated with gastric cancer and with mucosa-associated lymphatic tissue lymphoma, a REAL subtype categorized within the Working Formulation small lymphocytic lymphomas (37, 38) . Therefore, use of cimetidine and another histamine-2 receptor antagonist may have been a marker for chronic underlying H. pylori infection.
Use of sulfonamides and other antibacterial drugs was associated with a 3.5-fold increased risk of REAL large-cell lymphoma in the multivariable model. These drugs are typically used to treat bacterial infections such as urinary tract infections. There are no published data that link use of these drugs with risk of NHL. Because chronic bacterial infections previously have been associated with less than twofold increased risks of NHL (47, 64) , the long-term use of these medications in our study may be a marker for chronic underlying infection. However, the risk of NHL associated with self-reported bacterial infections has sometimes conflicted with the corresponding risk estimate for antibacterial use. When these factors were adjusted for simultaneously in statistical models, each was an independent risk factor for NHL subtypes with no confounding observed.
Beta-blockers and calcium channel blockers are often prescribed for hypertension, a condition that can result from arterial plaque build-up, recently hypothesized to be associated with chronic infections and inflammation (65, 66) . Beta-blockers influence immune regulation and cell processes associated with tumor growth (67, 68) , whereas calcium channel blockers interfere with cell apoptosis (69) . Both have been investigated in association with cancer risk, and most studies have reported little to no effect (69) (70) (71) . Results for use of beta-blockers for conditions other than high blood pressure were consistent with results for heart disease, whereas findings for non-high-blood-pressure use of calcium channel blockers were different from those for heart disease. Statistical models that adjusted for the potentially confounding effects of these medications with each other and with heart disease showed generally consistent associations with no confounding. The differential effects in our study may be related to different drug pathways, to inherent differences between persons prescribed betablockers and those prescribed calcium channel blockers, or to differences in underlying conditions. Additionally, low numbers may be a factor, although the patterns of association remained consistent across histologic subtypes, somewhat contradicting the instability usually associated with low numbers. Further research is needed to explain the possible role of these drugs in lymphomagenesis.
Consistent with results from our analyses of all NHL (15), decreased risks for Working Formulation low-grade NHL subtypes were associated with a history of NSAID use. NSAIDs disrupt the inflammatory process by blocking cyclooxygenase 1 and cyclooxygenase 2 synthesis that in turn inhibits synthesis of prostaglandins involved in the inflammatory process. Cyclooxygenase 2 promotes cell growth and differentiation and is induced in inflammation. Its inhibition by NSAIDs may induce apoptosis of cancer cells (72) . NSAID use has been associated with a decreased risk of several cancers: colorectal (56) (57) (58) (59) 73) , pancreas (74) , bladder (75) , breast (76, 77) , prostate (78) , esophageal (79, 80) , gastric (79) , and ovarian (81) . Although reason for use was not ascertained, it is likely that many arthritis patients are regular users of NSAIDs. Among study participants who first used NSAIDs at least 5 years before diagnosis or interview, 10 percent reported rheumatoid arthritis and 42 percent reported nonrheumatoid arthritis as compared with less than 2 percent and 11 percent of nonusers, respectively. When these factors were simultaneously adjusted for in statistical models, subtype estimates for NSAID use were unaffected. However, the elevated risk of small lymphocytic lymphoma associated with history of nonrheumatoid arthritis increased to 1.7.
Diseases and conditions
Risks of NHL subtypes associated with some diseases were inconsistent with results associated with medications prescribed to treat these conditions, as described above. In multivariable models, these diseases were associated more frequently with REAL large-cell lymphoma than with other subtypes and tended to confer a reduced risk. Heart disease and childhood eczema were the only conditions associated with increased risks of NHL subtypes, and heart disease was associated with risk of more than one subtype. Some heart disease is thought to have an infectious component that can result in chronic inflammation (65, 66) . Infectious agents play a complex role in the development of immunologic cancers, and the number, type, and timing of bacterial and viral infections are important factors.
A growing body of work has accumulated on the association between allergic conditions and cancer risk. Childhood eczema is among the type 1 hypersensitivities typically associated with atopy, and its association with risk of lymphoma in our study is consistent with relations predicted by the "hygiene hypothesis." One earlier NHL study reported an elevated risk of high-grade lymphoma associated with eczema (18) but did not distinguish childhood eczema from adult eczema. Childhood eczema is susceptible to differential recall and bias. It is possible that only persons with severe and/or long-lasting eczema recalled the condition, and the observed association may be unique to this subgroup of patients with childhood eczema. Similarly, the association with hives as a result of unknown allergies may be related to recall bias or misclassification, since reports of hives or urticaria alone were not associated with NHL subtypes. Furthermore, hives may result from nonallergic conditions. Allergies have been associated with reduced risk of several other cancers (82) (83) (84) (85) , and allergic individuals may have more efficient immune systems, as required by Bcell activation for isotype switching to immunoglobulin E. Because allergies typically promote a Th2 (tumorpromoting) response, their etiologic role in cancer immunology is unclear. Our allergy findings are consistent with our earlier results for all NHL (15, 24) and differ from the findings of a smaller study (16) . Several previous studies have investigated the association between allergies and risk of all NHL, but results have been inconsistent (as reviewed by Briggs et al. (16) ).
The association with number of bee or wasp stings as opposed to allergy to these stings is consistent with our results for all NHL (15) . These observations may be related to the few participants who reported this type of allergic reaction and the underlying effects of bee venom that have been associated with relief of certain immunologic conditions (86) . Too few systemic responses were reported for separate analysis. A clinical trial is under way at Georgetown University Medical Center to investigate bee venom's impact on immune function.
Our results cannot be completely explained by the Th1/ Th2 theories of immune function. Some observed associations may have been due to chance, with low numbers in some histologic groups, and the findings should be interpreted with caution. Given the general lack of information about risk factors for NHL by subtype, our results provide direction for further investigations of immune-system function, lymphomagenesis, and differences by NHL subtype. Advances in the understanding of cancer and the intricacies of the immune system will enable us to clarify how exposures that alter immune function contribute to the development of NHL. Large epidemiologic studies conducted by investigators from a range of scientific disciplines who can pool data with others are needed to determine etiologic clues for NHL by subtype.
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